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改进后的分析系统在 4 天里连续测定的精密度可以达到±1.89 μmol/kg (n=3)，未

























































Total alkalinity (TA) is the measure of buffering capacity and one of the four  
parameters which characterize the carbonate system of seawater. The TA data of high 
temporal and spatial resolution are greatly needed for the researches of ocean carbon 
cycle, ocean acidification and other marine biogeochemical processes. Underway 
instrument for TA measurement is the best way to obtained TA data of high spatial 
resolution. However, the overall performance of this kind of instruments reported in 
literatures is poor and thus have been scarcely applied. In this study, we developed an 
underway measurement system for seawater TA based on our previously developed 
automated TA analyzer, and tested its performance in lab and at sea. The obtained 
results are as follows: 
(1) By integrating our previously developed automated TA analyzer with a rapid 
thermostatic device and an in-line debubbler, optimizing the running conditions and 
modifying some parts, an underway measurement system for seawater TA was 
developed. The precision of the system during a continuous test of 6 days in lab was 
±1.5 μmol/kg (n=7)，and no significant drift was found. The thermostatic device could 
bring the sample temperature in the range of 3.29~37.10 ℃ to 25 ℃ in 6.5 min, which 
means the developed system can be applied in the monitoring of seawater with wide 
temperature range. The tests at sea showed that the system could run smoothly for 
many days, indicating its adaptability on board. The throughput time of the system 
was 6.5 min, which implying a high measuring frequency. However, the precipitation 
of BCG in the titrant and the loosing of the interface between pump tube and related 
tubing would lead to the increase of TA, showing significant drift of the system. 
Furthermore, a systematic error of 15~19 μmol/kg was found between the data 
obtained by our system at sea and that obtained in lab by analyzing the samples, 
which were collected at sea, with conventional method. 
(2) To solve the problem found in the previous tests, the system was modified by 
using new case of the automated analyzer, new thermostatic device for water sample 
and titrant, and the connection of pump tube. The modified system consists of only 
















titrant. It is compact, light, portable and good in appearance. The precision of the 
system during a continuous test of 4 days in lab was ±1.89 μmol/kg (n=3)，and no 
significant drift was found. The agreement of the system with the conventional 
method was found to be 1.10±1.22 μmol/kg (n=8), indicating a significant accuracy 
improvement after modification. 
In brief, the system developed in this study can be applied in the underway 
measurement of seawater TA with high spatial resolution. It is portable with high 
precision and accuracy and less calibration. More work is needed to evaluate its 
performance in the future. 
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TA Total Alkalinity 总碱度 
fCO2 The fugacity of CO2 二氧化碳逸度 
DIC Dissolved Inorganic Carbon 溶解无机碳 
BCG Bromocresol Green 溴甲酚緑 
LED Light Emitting Diode 发光二极管 
PMMA Polymethylmethacrylate 聚甲基丙烯酸甲酯 
FEP Fluorinated Ethylene Propylene 氟化乙烯丙烯 
PEEK Polyetheretherketone 聚醚酮 
PVC Polyvinylchloride 聚氯乙烯 
PID Proportion Integration Differentiation 比例积分微分 
CRM Certified Reference Material 标准参考物质 



















第 1 章 绪论 
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3HCO 、 2 3H CO 与 2CO (aq) 的形态存在，这些组分
构成了海水碳酸盐体系。该体系存在以下反应平衡： 
2 2CO (g) CO (aq)  








3 3Ca CO CaCO (s)
   
海水碳酸盐体系可由 pH 、二氧化碳逸度 (the fugacity of 2CO ，fCO2)、溶解





目前广泛应用的海水 TA 的定义是 Dickson 于 1981 年给出的，即和每千克海
水样品中质子受体超过质子给体的量相当的氢离子的摩尔数[2]。质子给体指的是
解离常数 -4.5K 10 的组分 (零离子强度和 25 ℃下)；质子受体指的是解离常数
-4.5K 10 的组分 (零离子强度和 25 ℃下)。依据以上定义，海水样品的 TA 可由
下式求得： 
2 2 3
3 3 4 4 4 3 4
3 F 4 3 4
TA=[HCO ] 2[CO ] [B(OH) ] [OH ] [HPO ] 2[PO ] [H SiO ]
       +[NH ]+[HS ]+ [H ] [HSO ] [HF] [H PO ]
      
  
     
    
 




















据估算由化石燃料燃烧所排放的 CO2 从 1900 到 2008 间增长了 16 倍
[3]，人
为排放 CO2 的增加导致大气中 2CO 的含量不断上升，当前已达到了 80 万年来的
最高水平[4]。由此引发的全球气候变化对人类社会和自然生态系统造成了严重的
威胁[4]。海洋是一个巨大的碳库，在过去的 200年里吸收了约 48%的人为排放 2CO




此，在海洋酸化与海洋碳循环研究中常常需要海水 TA 数据[9]。例如，可利用 TA
和 DIC 数据来计算表层海水的 fCO2 进而评估 CO2 在海气界面上的交换通量
[10]；




跃的海区有机物的形成和降解会改变表层海水的 TA[13]，海水中 CaCO3 的沉淀与
溶解会导致 TA 的变化[11]。因此，海水的 TA 数据可用于研究海洋中生物活动[14]，
评估有机物的形成和矿化作用[15]，估算海洋 CaCO3 的沉淀与溶解情况
[16]等。另
































多点电位滴定法由 Dyrssen[19]提出，后经 Edmond[20]、Bradshaw[21]、Dickson[2, 










(3) 测定速度慢。采用多点电位滴定法时，分析一个样品通常耗时 10~20 min。
目前的海洋科学研究中，在一个航次中采集的样品一般有几百个，甚至高达几千




















度计算样品的 TA 值。 
相对于多点滴定法而言，单点滴定法是一种更加简单、快速的技术，也较容
易实现自动化。结合分光光度法的单点滴定技术具有以下特点： 
(1) 采用分光光度法测样品的 pH 时，其精密度可达到±0.0004[24]；无需用缓
冲溶液校正，操作简单。 
(2) 只进行一次滴定，测定速度快。 







(1) 美国Apollo SciTech公司所研发并商品化的AS - ALK2 TA分析仪[26]，如
图 1-1 所示。该仪器基于多点电位滴定技术，采用开放式的滴定池。测定时，由
两个高精度的数字注射泵滴加样品和酸。其分析一个海水样品所需的时间为 10 
min左右，精密度可达±2 μmol/kg，所消耗的样品和酸的体积分别为 25 mL和5 mL。 
 
 
  图 1-1 TA 分析仪 (AS-ALK2，Apollo SciTech)[26]  
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